Background: We report the safety findings from a 3-year phase 3 study (NCT00205777) of bazedoxifene, a novel selective estrogen receptor modulator under development for the prevention and treatment of postmenopausal osteoporosis.
Background
Postmenopausal women experiencing declining levels of endogenous estrogens are disproportionately affected by osteoporosis, which affects one third of women between the ages of 60 and 70 years and two thirds of women 80 years and older [1] . Numerous agents for the prevention and/or treatment of postmenopausal osteoporosis are currently available, including bisphosphonates, estrogen therapy, parathyroid hormone (PTH), calcitonin, and the selective estrogen receptor modulator (SERM) raloxifene [2] . Although existing pharmacologic agents for postmenopausal osteoporosis have been shown to be effective in preventing bone loss and fractures [3] , there remains an ongoing need to provide women with new therapeutic options, primarily due to variable safety and tolerability profiles.
SERMs, also referred to as estrogen agonists/antagonists, are a structurally diverse group of compounds that can confer estrogen receptor agonist or antagonist effects depending on the target tissue, making them attractive candidates for the prevention and/or treatment of postmenopausal osteoporosis [4] . Bazedoxifene is a novel SERM that was developed using a stringent preclinical screening process designed to select compounds with favorable effects on bone and lipid profiles while minimizing stimulation of uterine or breast tissue [4, 5] . In a phase 2 study of healthy postmenopausal women, daily oral doses of bazedoxifene 2.5, 5.0, 10, 20, 30, or 40 mg were generally well tolerated and did not stimulate the endometrium [6] . Moreover, bazedoxifene 30 and 40 mg showed significantly smaller increases in endometrial thickness and significantly reduced the incidence of uterine bleeding compared with placebo [6] . In a 2-year phase 3 study of postmenopausal women at risk for osteoporosis, bazedoxifene 10, 20, and 40 mg was shown to prevent bone loss and reduce bone turnover and was associated with a favorable endometrial, ovarian, and breast safety profile [7, 8] .
A pivotal, global phase 3 study in postmenopausal women with osteoporosis showed that bazedoxifene 20 and 40 mg and raloxifene 60 mg significantly reduced the risk of new vertebral fracture relative to placebo over 3 years of therapy [9] . A post hoc analysis of a subgroup of women at higher risk for fracture showed that bazedoxifene 20 mg significantly reduced the risk of nonvertebral fracture [9] . Here we report the results of the safety evaluations from that study.
Methods

Study design
Full details of the study design and methodology have been previously reported [9] . This was a 3-year multicenter, randomized, double-blind, placebo-and activecontrolled phase 3 trial (NCT00205777) conducted at 206 sites worldwide (and continuing as an ongoing study extension for 4 additional years). Eligible subjects were generally healthy postmenopausal women aged 55 to 85 years with osteoporosis, defined as low bone mineral density (BMD) or radiographically confirmed vertebral fractures. Subjects without prevalent vertebral fracture were required to have lumbar spine or femoral neck BMD T-scores between -2.5 and -4.0 (inclusive), whereas subjects with prevalent vertebral fracture (at least 1 mild vertebral fracture) were required to have lumbar spine and femoral neck BMD T-scores not worse than -4.0. Exclusion criteria included diseases that may affect bone metabolism or conditions that could interfere with measurement of BMD, pathologic vertebral fractures, vasomotor symptoms requiring treatment, active or past history of venous thromboembolic events (VTEs), endometrial hyperplasia or carcinoma, abnormal vaginal bleeding, or malignancy within 10 years of the study. Subjects were prohibited from the use of any drug known to have an effect on bone metabolism, including androgens, systemic estrogens (except estriol ≤2.0 mg/day), topical estrogens (>3 times/week), progestogens, SERMs, bisphosphonates, calcitonin, PTH, and cholecalciferol (>50,000 IU/week) within 6 months of screening.
Eligible subjects were randomly assigned to receive a once-daily oral dose of bazedoxifene 20 or 40 mg, raloxifene 60 mg, or placebo for 3 years. All subjects were to receive daily supplementation with oral calcium (1,000-1,200 mg) and vitamin D (400-800 IU).
Non-hysterectomized women were eligible for participation in an endometrial safety substudy designed to examine measures related to the endometrium and ovaries [10] . Subjects with endometrial thickness >5 mm as measured by transvaginal ultrasound (TVU) or endometrial hyperplasia or carcinoma on baseline biopsy were excluded from the substudy.
The study protocol and an informed consent form were submitted to the independent ethics committee or institutional review board at each institution for review and written approval. All subjects provided written informed consent prior to enrollment in the study, which was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki.
Assessments
Full details of the efficacy assessments and related findings have been reported elsewhere [9] . Subjects were monitored throughout the 3-year study, with clinic visits occurring quarterly during the first year and biannually during the second and third years.
Safety was monitored by means of physical examinations, gynecologic and breast examinations, mammography, cervical cytology smears, clinical laboratory determinations (including blood lipid assessments), and recording of adverse events (AEs), which were classified Figure 1 Subject disposition. The number of subjects who were screened, randomized and received at least 1 dose of study drug (safety population), and completed the study is shown. a Does not include subjects (n = 92) who completed the 3-year core study and did not enter the extension study. b Defined as occurrence of new vertebral fracture or ≥7% decrease in BMD of the lumbar spine or hip at any time during the study (P < 0.01 among treatment groups, Chi-square test).
using the US Food and Drug Administration's Coding Symbols for Thesaurus of Adverse Reaction Terms (COSTART). For subjects enrolled in the endometrial safety substudy, TVU of the uterus and ovaries was performed at baseline and at Months 12 and 24 (or upon withdrawal from the study if more than 9 months had elapsed since the last assessment) and endometrial biopsies were performed at baseline and at Month 24. Mammography was performed at baseline and at Months 12, 24, and 36 (or upon withdrawal from the study if more than 9 months had elapsed since the last assessment). Subjects in the overall safety population who reported abnormal uterine bleeding at any time during the study were also evaluated by TVU and endometrial biopsy according to a protocol-specific algorithm for the assessment of uterine bleeding.
Independent blinded adjudication boards were formed to ensure a consistent, accurate, and unbiased assessment of the following AEs of interest: VTEs, stroke, transient ischemic attack (TIA), and breast cancer. The adjudication boards were composed of consultant physicians specializing in the fields of internal medicine with expertise in VTEs, cardiology, breast cancer, neurology, and neuroradiology. All adjudication board members reviewed each case independently in a blinded manner. Thereafter, a final decision was determined for each case based on majority or consensus decision, according to the guidance set forth in each of the adjudication board charters.
Statistical Analyses
Safety data were analyzed in all subjects who received at least 1 dose of study medication. Differences in the incidence of AEs, serious AEs, and discontinuations due to AEs among treatment groups were evaluated using Chisquare analysis, with a significance level set at 0.05. The incidence of VTEs and cerebrovascular events, based on adjudicated data, was expressed as the rate in 1,000 women-years. Hazard ratios (HRs) of treatment versus comparator were calculated using a proportional hazard model without adjustment for possible covariates; corresponding 95% confidence intervals (CIs) and P values were obtained. The median percent changes from baseline in lipid parameters at 36 months were analyzed using an analysis of covariance (ANCOVA) on ranked data, with treatment as factor and baseline as covariate.
Results
Subjects
Of 26,749 women screened for the study, 7,609 women were randomized to treatment with bazedoxifene 20 or 40 mg, raloxifene 60 mg, or placebo ( Figure 1) . A total of 7,492 women received ≥1 dose of study medication and were included in the safety population. Baseline demographic and clinical characteristics were generally similar among treatment groups ( Table 1 ). The mean age of subjects was 66.4 years. The vast majority of women (91.2%) had experienced natural menopause, and the mean time since last menstrual period was 19.5 years.
There were no significant differences among treatment groups in the number of subjects who discontinued from the study (n = 2,501 [33%]; Figure 1 ). The most common reason for discontinuation was AEs. Overall, the incidence of AEs, serious AEs, and discontinuations due to AEs in the bazedoxifene treatment groups was not different from that seen in the placebo group (Table 2) . Sixtythree subjects had deaths that resulted from AEs that began during the study and were reported to the sponsor: bazedoxifene 20 mg, n = 19 (1.0%); bazedoxifene 40 mg, n = 14 (0.7%); raloxifene 60 mg, n = 19 (1.0%); and placebo, n = 11 (0.6%). Differences between groups were not statistically significant. The most frequently reported AEs (≥20% of subjects in at least 1 treatment group) included back pain, arthralgia, pain, flu syndrome, infection, abdominal pain, accidental injury, headache, and hypertension ( Table 2 ). The incidence of leg cramps and hot flushes was higher (overall P = 0.002 and P < 0.001, respectively) in the active treatment groups compared with the placebo group. Most reports of leg cramps and hot flushes were mild or moderate in severity and did not result in study discontinuation.
Cardiac disorders
Overall, the number of subjects reporting cardiac disorders 
Cerebrovascular events
Analysis of the incidence of cerebrovascular events based on adjudicated data showed no significant differences among treatment groups (Table 3 ). The rate of total strokes per 1,000 women-years was 2.6 with bazedoxifene 20 mg, 3.1 with bazedoxifene 40 mg, 2.6 with raloxifene 60 mg, and 3.0 with placebo (Table 3) ; corresponding HRs (95% CIs) relative to placebo were 0.9 (0.40, 1.86), 1.0 (0.49, 2.17), and 0.9 (0.40, 1.88), respectively (Table 4 ).
There were no significant differences in the risk of stroke (hemorrhagic, ischemic, or unspecified) or of TIA for bazedoxifene 20 or 40 mg or raloxifene 60 mg compared with placebo (Table 3 ). There were no deaths due to ischemic stroke in the bazedoxifene or raloxifene treatment groups; there was 1 death due to ischemic stroke in the placebo group. There were 4 deaths due to hemorrhagic stroke (1 in each treatment arm).
VTEs
A total of 43 subjects (0.6%) reported VTEs based on adjudicated data ( (Table 4 ). There were no significant differences in the risk of any VTE, including DVT, PE, and RVT, between the bazedoxifene and raloxifene treatment groups. Reports of VTEs were highest during the first year of therapy with bazedoxifene 20 mg and subsequently decreased over the second and third years; no clear pattern over time was observed with bazedoxifene 40 mg or raloxifene 60 mg ( Table 5) .
The overall incidence of DVTs (n = 25 [0.3%]) and superficial thrombophlebitis (n = 50 [0.7%]) was higher among the active treatment groups compared with the placebo group ( Table 5 ). The rates of DVT per 1,000 women-years were 1.7 with bazedoxifene 20 mg, 2.0 with (Table 4 ). There were no differences in the risk of PE or RVT with bazedoxifene 20 or 40 mg or raloxifene 60 mg compared with placebo.
Breast and reproductive safety
The rates of breast-and reproductive system-related AEs are shown in Table 6 . The incidence of breast carcinoma and breast cysts was not significantly different among treatment groups, although the number of cases was lower with bazedoxifene 20 and 40 mg compared with placebo or raloxifene 60 mg. Reports of breast pain were evenly distributed among treatment groups. The incidence of fibrocystic breast disease was lower in the bazedoxifene 20-and 40-mg groups compared with the raloxifene 60-mg or placebo group, and was significantly lower in the bazedoxifene 20-mg group compared with the raloxifene 60-mg group (P = 0.050) and in the bazedoxifene 40-mg group compared with the raloxifene 60-mg group (P = 0.011). TVU data were available for a total of 753 subjects; after 2 years, there were no differences in the change in mean endometrial thickness (± standard error) from baseline with bazedoxifene 20 mg (-0.07 ± 0.11 mm), bazedoxifene 40 mg (0.10 ± 0.11 mm), raloxifene 60 mg (0.16 ± 0.12 mm), or placebo (-0.08 ± 0.11 mm). Endometrial hyperplasia was reported by 1 subject in each treatment group, and endometrial carcinoma was reported by 0, 2, 2, and 3 subjects in the bazedoxifene 20-and 40-mg, raloxifene 60-mg, and placebo groups, respectively. The incidence of uterine or vaginal bleeding was low and similar among treatment groups.
Lipid parameters
The median percent changes from baseline in total and LDL cholesterol were significantly reduced in the bazedoxifene and raloxifene treatment groups compared with the placebo group after 36 months (P < 0.001; Table 7 ). The reduction in total and LDL cholesterol was significantly greater (P < 0.01) in the raloxifene treatment group than in the bazedoxifene 20-or 40-mg treatment groups. The increase in levels of HDL cholesterol was significantly greater in the active treatment groups compared with the placebo group after 36 months (P < 0.001). Triglyceride levels were significantly increased from baseline in all treatment groups (P < 0.001); however, there were no differences in the median percent change from baseline among treatment groups.
Discussion
SERMs represent a growing class of compounds that are under development for the prevention and/or treatment of postmenopausal osteoporosis. Because certain "class effects" are associated with SERMs, including increased incidence of hot flushes, leg cramps, and VTEs [11] [12] [13] [14] , as well as the potential for endometrial effects/stimulation, a careful evaluation of the safety and tolerability profile of each SERM is of considerable importance. Findings from this large, prospective phase 3 study showed that bazedoxifene was associated with a favorable safety and tolerability profile in postmenopausal women with osteoporosis over 3 years of therapy. Overall, the incidence of AEs, serious AEs, and discontinuations due to AEs with bazedoxifene was similar to that seen with placebo. Although the current study showed an increased incidence of hot flushes and leg cramps in the active treatment groups, most of these events were mild or moderate in severity and did not lead to study discontinuation.
Overall, VTEs were more frequently reported in the bazedoxifene groups compared with the placebo group. This was primarily the result of a significantly increased incidence of DVTs, while the incidence of PE or RVT was not different among all treatment groups. The relative risk of VTEs with bazedoxifene (HR, 1.6-1.7) was consistent with that previously reported with raloxifene (HR, 2.1-3.1) [13, 14] and lasofoxifene (HR, 2.2-2.6) [15] . In addition, the rate of VTEs with placebo (1.7 per 1,000 women-years) in this study was similar to that seen in earlier studies of raloxifene (1.7 per 1,000 women-years) [14] and lasofoxifene (1.2 per 1,000 women-years) [15] . Collectively, these findings provide strong external validation of the risk estimates observed with bazedoxifene in the present study. AE, adverse event. a P < 0.05; Chi-square test. b Events reported as breast neoplasm included breast mass, breast lump, solid formation, lipoma, fibroadenoma, tumor, nodule, microcalcification, intracanalar papilloma, and cyst. c Events reported as endometrial neoplasia included endometrial polyps, uterine polyps, thickening of endometrium due to polyps, hyperplastic endometrial polyps, accentuated cystocele and polyps, and endometrial polyps with cystic atrophy (benign).
The rate of VTEs was highest during the first year of therapy with bazedoxifene 20 mg and subsequently decreased over the second and third years; such a pattern was not seen with bazedoxifene 40 mg or raloxifene 60 mg, although a decrease in VTE risk over time has previously been reported with raloxifene (HR, 6.0, 6.6, 0.9 at Years 1, 2, and 3, respectively) [14] . Overall, the absolute risk of VTEs was low among all treatment groups in the current study, with the attributable risk for bazedoxifene estimated at 1 case per 1,000 women-years (ie, 100 women over 10 years of treatment).
Raloxifene has been associated with a 2-to 3-fold increase in VTE risk over 3 years (1.4-fold increase over 5 years) in previous studies [13, 14, 16] , which was higher than that seen in this study. The reason for this discrepancy is unclear and may be attributed to the small number of VTEs reported in the current study. The risk of DVTs, however, was similarly increased with raloxifene relative to placebo in the current study and in previous studies of raloxifene [13, 14, 16] .
The incidence of cardiac disorders and cerebrovascular events in the active treatment groups was not different from that seen in the placebo group. Raloxifene has previously been associated with a small but significant increase in the risk of fatal stroke compared with placebo (1.49; 95% CI, 1.00-2.24; P = 0.05), although there was no difference in the overall incidence of stroke [16] . In the current study, there were no deaths due to ischemic stroke with bazedoxifene or raloxifene; there was 1 case of death due to hemorrhagic stroke in each treatment arm.
Endometrial safety is an important consideration for investigational SERMs, as the clinical development of several SERMs for postmenopausal osteoporosis (eg, idoxifene, levormeloxifene) in recent years was discontinued, in part, because of unfavorable uterine effects [17, 18] . In this study, bazedoxifene was associated with an excellent endometrial safety profile and a neutral effect on the breast over 3 years of therapy. There was no difference in the rates of endometrial hyperplasia or carcinoma with bazedoxifene compared with placebo, or in the change in endometrial thickness. The incidence of breast-and reproductive system-related AEs were small and similar among groups. There was a lower incidence of fibrocystic breast disease in the bazedoxifene treatment groups compared with the raloxifene or placebo group. Raloxifene was not associated with a reduction in the incidence of breast cancer in this study, which is in contrast to findings from previous studies [16, 19, 20] and may be attributable to the relatively smaller number of subjects evaluated and the lower baseline risk for breast cancer (mean Gail Index 5-year risk score of 1.59). In this study, the overall incidence of breast cancer in the placebo groups was lower than that observed in other clinical trials [8, 14, 19] . Bazedoxifene was associated with favorable effects on the lipid profile. Significant reductions in the levels of total and LDL cholesterol and significant increases in levels of HDL cholesterol were observed with bazedoxifene compared with placebo. Triglyceride levels were similar among all treatment groups. The clinical significance of these results is unknown. Overall, findings are consistent with those seen in the 2-year phase 3 study evaluating the efficacy and safety of bazedoxifene in postmenopausal women at risk for osteoporosis [7] .
Conclusions
Overall, bazedoxifene was associated with a favorable safety and tolerability profile over 3 years of therapy, with no evidence of endometrial or breast stimulation. Bazedoxifene was associated with a small increase in the risk of VTEs, consistent with that seen with other SERMs, including raloxifene and lasofoxifene; however, the absolute risk of VTEs was low and did not increase over time. Combined with its demonstrated efficacy in preventing new vertebral fractures in postmenopausal women with osteoporosis, as well as in preventing nonvertebral fractures in higher-risk women [9] , bazedoxifene appears to have a favorable risk-benefit profile in the treatment of postmenopausal women with osteoporosis.
